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BY 3D PRINTING BY SELECTIVE LASER SINTERING (SLS)

(57) The present invention includes a solid oromu-
cosal pharmaceutical form containing a psychedelic se-
lected from psilocybin, psilocin, or mescaline and/or an
analog thereof as an active ingredient, a method of prep-

aration of the pharmaceutical form by 3D printing by Se-
lective Laser Sintering (SLS), and treatment of neurolog-
ical and/or psychiatric disorders, as well as inflammatory
disorders.
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Description

FIELD OF THE INVENTION

[0001] The present invention refers to a solid pharma-
ceutical formulation containing a psychedelic molecule
selected from psilocybin, psilocin, or mescaline and/or
their analogues as the active ingredient for oromucosal
delivery. The formulation is obtained by 3D printing by
Selective Laser Sintering (SLS), and can be used in the
treatment of neurological and/or psychiatric disorders,
as well as various inflammatory disorders.

SUMMARY

[0002] One general aspect of the invention discloses
a solid pharmaceutical formulation for oromucosal deliv-
ery including i) a psychedelic compound selected from
psilocybin, psilocin, mescaline, or an analog thereof; and
ii) a thermoplastic polymer. In this embodiment, the solid
formulation can be an orodispersible formulation. In this
embodiment the solid formulation can be porous.
[0003] In an embodiment, the solid pharmaceutical for-
mulation can include 90-95% thermoplastic polymer,
3-5% excipients, and 3-5% of the psychedelic molecule.
The thermoplastic polymer can include polyvinylpyrro-
lidone (PVP), hydroxy propyl methylcellulose (HPMC),
polycaprolactone (PCL), poly-L-lactic acid (PLLA), poly-
ethylene (PE), high density polyethylene (HDPE), poly-
ethylene oxide (PEO), and ethyl cellulose (EC).
[0004] In an embodiment, the solid pharmaceutical for-
mulation can have a hardness of 2-6 Kg and a friability
of less than 1.5.
[0005] In an embodiment, the solid pharmaceutical for-
mulation can undergo complete dissolution in less than
10 minutes.
[0006] Another general aspect of the invention disclos-
es a method of treating a neurological and/or psychiatric
disorder and/or inflammatory disorder by administering
to a patient in need thereof the solid pharmaceutical for-
mulation to provide oromucosal delivery.
[0007] Another general aspect of the invention disclos-
es a method of making the solid pharmaceutical formu-
lation, the method including:

i) mixing the psychedelic molecule, thermoplastic
polymer, and excipients together to form a mixture;
ii) inserting the mixture into the dust bed of a 3D
printer; and
iii) 3D printing using Selective Laser Sintering to form
the solid pharmaceutical formulation.

BACKGROUND OF THE INVENTION

[0008] Psilocybin, psilocin and mescaline are psyche-
delic psychotropic substances that cause perceptive
changes when consumed.
[0009] Psilocybin is a natural compound that is found

in variable concentrations in more than 200 species of
basidiomycete fungi.1,2,3 Psilocybin (4-phosphoryl-4-hy-
droxy-N, N-dimethyltryptamine) and psilocin (4-hydroxy-
N, N-dimethyltryptamine) are considered to be tryp-
tamine derivatives (Figure 1), due to their central indole
ring structure. Psilocybin and psilocin are also very sim-
ilar to the neurotransmitter serotonin (5-hydroxytryp-
tamine).
[0010] Mescaline (3,4,5-trimethoxyphenetylamine) is
a phenylethylamine (Figure 1), which is mainly found in
the Peyote cactus (Lophophora williamsii). Structurally,
it consists of three methoxide groups attached to a ben-
zene ring in positions 3, 4, and 5, in addition to an aliphatic
side chain with an amino group. It has a structural re-
semblance to the neurotransmitter dopamine.4
[0011] Tryptamines and phenylethylamines effect the
serotonergic and dopamine systems, and, depending on
the substance, produce effects in other neurotransmis-
sion systems, such as the adrenergic system. These hal-
lucinogens have clinical effects on various biological sys-
tems and functions of the body.5,6,7 Scientific studies fo-
cused on their potential therapeutic uses evidence the
benefits of using these compounds to treat various types
of ailments and diseases. These molecules have been
shown to have a well-established physiological and psy-
chological safety profile in laboratory and clinical re-
search and are non-addictive.8
[0012] Psilocybin, psilocin and mescalin have been
studied by scientists, psychiatrists, and mental health
professionals since the 1960s and these and other
psychedelics have shown efficacy a promising treatment
alternative for a wide range of psychiatric disorders. In
recent years, these molecules have been the subject of
various preclinical and clinical trials9; psilocybin is, to
date, the most clinically researched psychedelic. Its po-
tential for the treatment of health problems such as de-
pression, obsessive-compulsive disorder (OCD), anxie-
ty, and addiction to drugs, tobacco and alcohol has been
demonstrated. Further, there are studies related to eating
disorders, specifically anorexia nervo-
sa.10,11,12,13,14,15,16,17

[0013] Another emerging therapeutic area that is very
promising for psychedelics is their use as anti-inflamma-
tory agents. Activation of 5-HT2A receptors produces po-
tent anti-inflammatory effects in animal models of human
inflammatory disorders at sub-psychedelic levels, i.e. at
levels below which psychedelic effects are observed. In
general, psychedelics regulate inflammatory pathways
through novel mechanisms and represent a new and ex-
citing treatment strategy for various inflammatory disor-
ders.18

[0014] In 2018, the Food and Drug Administration
(FDA) designated psilocybin therapy as a "Breakthrough
Therapy" for treatment-resistant depressions, and in
2019, for major depressive disorder. Studies have shown
that psilocybin is well tolerated and safe for human stud-
ies at oral doses of 8 to 25 mg and intravenous doses of
1 to 2 mg.19
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[0015] When psilocybin is administered orally or
parenterally it dephosphorylates quickly and is almost
completely transformed into psilocin.20,21 Therefore, psi-
locin is believed to be responsible for the psychoactive
effects. However, when psilocybin is administered orally
or parenterally, it is metabolized mainly in the liver, suf-
fering an important first-pass effect, which considerably
reduces its concentration before systemic circulation.
[0016] When administered intravenously, psilocybin is
converted to psilocin in the kidneys, a process that may
be less efficient.22

[0017] Pharmacokinetically, significant amounts of
psilocin are detectible in plasma within 20 to 40 minutes
after oral administration of psilocybin, and maximum con-
centrations are reached after approximately 80 to 100
minutes.23,24,25 Different studies show that psilocybin
and psilocin have a plasma elimination half-life of approx-
imately 50 to 160 minutes.26,27,28

[0018] Typically, the effects of psilocin disappear com-
pletely between 4 and 6 hours after administration.29

[0019] Mescaline is rapidly absorbed in the gastroin-
testinal tract and distributed to the kidneys and liver,
where it combines with liver proteins delaying its concen-
tration in the blood. Its metabolization in the body occurs
mainly in the liver by the action of an amino oxidase en-
zyme.30,31,32 Orally, the minimum active dose of mesca-
line is around 100 milligrams. A dose of 500 or 600 mil-
ligrams produces a very intense visionary experience,
which will last between 6 and 10 hours.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 shows the atomic diagrams of the structures
of psilocybin, psilocin, and mescaline, as well as tryp-
tamine, serotonin, and dopamine.

Figure 2 shows an administration scheme for a 3D-
SLS printed oromucosal composition.

Figure 3 shows a graphic scheme of the Selective
Laser Sintering (SLS) process.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Oral administration of drugs is preferred by pa-
tients for comfort and safety. However, for some drugs,
oral administration has a series of disadvantages, includ-
ing exposure of the active drug to the aggressive gas-
trointestinal environment which degrades bioactive mol-
ecules and limits absorption. This negatively impacts bi-
oavailability and pharmacotherapy. Some of these dis-
advantages can be partially overcome through parenter-
al administration, although it is not the preferred choice
of patients due to its invasiveness.33

[0022] Transmucosal oral (or oromucosal) administra-
tion (use of the mucosa available in the oral cavity) of

drugs is a very promising alternative to the oral and
parenteral pathways, which avoid some of the disadvan-
tages of oral administration and has several additional
advantages. For example, oromucosal delivery reduces
first-pass metabolism and thus prevents gastrointestinal
degradation. Oromucosal delivery also provides a more
direct route to systemic and central nervous system ad-
ministration resulting in a rapid onset of action of the tar-
get drug. It is also a practical and painless route of ap-
plication, and its use is not yet as widespread in the phar-
maceutical industry as other more traditional routes of
administration.
[0023] In the design of a transmucosal oral formula-
tions there are important aspects to consider, including
the need for a very rapid decay of the formulation, and
the subsequent dissolution of the drug in a reduced vol-
ume of fluid (saliva). These issues are addressed by us-
ing compression technology or molding solid formula-
tions with high porosity and utilizing highly effective dis-
integrants. However, these formulations strategies do
not allow precise dosing adjustments according to the
needs of patients.34

[0024] Oromucosal delivery systems allow for admin-
istration of active ingredients with easy absorption by the
body, and reduces or avoids metabolism in the liver, and
therefore achieves better bioavailability. Oromucosal de-
livery systems release the active ingredient in the oral
cavity and allow for absorption of the active ingredient
through the buccal mucosa. Oromucosal delivery sys-
tems can also be orodispersible, meaning the delivery
system dissolves in the oral cavity. These systems suc-
cessfully avoid first pass metabolism, which is also
known as the first pass effect.
[0025] The first pass effect is a phenomenon in which
a drug gets metabolized at a specific location in the body
that results in a reduced concentration of the active drug
upon reaching its site of action or systemic circulation.
The first pass effect is often associated with the liver,
which is the major site of drug metabolism. However, the
first pass effect can also occur in the lungs, vasculature,
gastrointestinal tract, and other metabolically active tis-
sues in the body. The effect can also be augmented by
various factors, including plasma protein concentrations,
enzymatic activity, and gastrointestinal motility.
[0026] Drug delivery via the oral mucous membranes
is an attractive, alternative to other oral administration
methods win which the active ends up in the gastrointes-
tinal tract offering several advantages. In particular,
oromusocal administration delivers the active drug via
the sublingual mucosa (i.e., the membrane of the ventral
surface of the tongue and the floor of the mouth) where
it is absorbed and enters into systemic circulation while
bypassing the gastrointestinal tract. This avoids first pass
effects and results in improved bioavailability, rapid onset
of drug action, improved patient compliance, as well as
complete avoidance of dysphagia (i.e., difficulty in swal-
lowing).
[0027] Use of 3D printing is a novel and emerging tech-
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nological application within the pharmaceutical industry
that has the potential to solve issues commonly associ-
ated with transmucosal formulation.
[0028] Additive manufacturing by 3D printing, is a lay-
er-by-layer manufacturing process that allows three-di-
mensional pharmaceutical forms to be produced from
digital designs. There are numerous processes adapta-
ble to additive manufacturing, with Selective Laser Sin-
tering (SLS) being one of the most promising.35

[0029] The SLS technique can be used to obtain highly
porous pharmaceutical forms with very low decay times,
which is ideal for oromucosal administration via the sub-
lingual route (Figure 2). Using this technique results in a
rapid onset of action and a low hepatic first step effect.
Additionally, printing software can be modified to obtain
high-dose formulations and different controlled-release
particles can be printed to modify and adapt the dosage
in real time or personalized to a particular subject.
[0030] Macro and microstructure conformations can
be printed to adjust the dissolution profile of the active
ingredients and allows for the design of flexible dosage
forms for personalized medicine.36,37,38

[0031] US 5,490,962 describes the preparation of dos-
age forms using Solid Freeform Fabrication (SFF) meth-
ods. These methods can be adapted to be used with a
variety of different materials to create dosage forms with
defined compositions, forces, and densities. The SLS
method is an example of the SFF method and allows for
manipulation of the macrostructure and porosity of the
dosage forms by manipulating the 3D printing parame-
ters, the type of polymer, and the size of the particles, as
well as the solvent and / or ligand. WO98/36739  refer-
ences US 5,490,962, emphasizing that in certain thera-
pies, a pulsed release of drugs for long periods of time
is required. Therein a multiphase dosing method is de-
scribed, which provides a differential release of the dif-
ferent drugs through 3D printing.
[0032] US 2019/0374471 and US 2021/0169811 dis-
cuss the use of 3D printing by SLS to obtain a wide variety
of formulations (capsules, films, patches) pre-loaded with
a drug with a wide range of dissolution averages and
decay speeds that depend on the composition of the for-
mulations. US 10,350,822 and WO 2020/148442 dis-
close oral dosing forms composed of multiple layers of
a material mixed with an active ingredient of different
chemical nature that are obtained by 3D printing. This
type of technology allows for a drug release profile ac-
cording to the needs of the therapy.
[0033] Using SLS 3D printing allows for improved safe-
ty, efficacy, and accessibility of medicines. It also allows
for the personalized selection of other formulation com-
ponents such as excipients, design, and color.
[0034] Disclosed herein are pharmaceutical formula-
tions for oromucosal delivery obtained by 3D printing by
Selective Laser Sintering (SLS) (Figure 3) containing a
psychedelic molecule selected from psilocybin, psilocin
and/or mescaline and/or their analogues as the active
ingredient. As shown in Figure 3, the SLS 3D printing

system uses a Laser (1) coupled to a scanning system
(2), A dust dispensing system (3) distributes the reactive
dust that includes the drug and a thermoplastic polymer.
The distributions system expels the dust using a dust
dispensing piston (4) with the dust evenly distributed on
a surface using a roller (5). A manufacturing piston (6)
lowers a manufacturing platform (7), which can hold a
solid pharmaceutical form or mold (8) during in printing
process. Figure 3 also shows the Laser scanning direc-
tion (A), Sintered dust particles (B), Laser beam (C), La-
ser sintering of dust particles (D), dust particles pre-po-
sitioned for sintering (E), and the pharmaceutical mold
or form (F).
[0035] Conventional pharmaceutical formulation tech-
nology does not allow for modification of dosage formu-
lations in real time. Complex changes to manufacturing
equipment are necessary to change simple characteris-
tics, such as geometry and color, among others.
[0036] Compared with conventional formulation tech-
niques, SLS 3D printing has competitive advantages that
improve the safety, effectiveness, and accessibility of
medicines by allowing for the personalized selection of
formulation components, such as excipients, design, and
color.
[0037] This technology also allows for the develop-
ment of complex products, products on demand and / or
personalized products. For example, geometry (shape)
and/or color can be readily changed in SLS 3D printing
to increase adherence to dosing regimens for marketing
and treatment purposes.
[0038] In the development and production of person-
alized medicines, SLS 3D printing allows for the proper
selection of manufacturing parameters. For example,
tablets can be produced with the exact dose of the active
ingredient that suits the individual needs of each patient.
SLS 3D printing also allows for the design of a pharma-
ceutical formulation with controlled time release of the
drug it contains and, in this way, increase its action time.
Geometries can also be varied (for example by changing
thickness, layering and surface area) or components se-
lected to alter release characteristics and other proper-
ties of the formulations. Release characteristics can in-
clude, for example, the rate of release of the active, the
duration of release, and the total amount of active deliv-
ered.
[0039] The SLS 3D printing process consists of a laser
that sweeps the surface of a bed of powder to sinter or
melt it. The bed of dust is then displaced downwards,
new dust is distributed above it, and the process is re-
peated to produce a solid object.
[0040] Sintering generally occurs at relatively high
temperatures, limiting its applicability to active ingredient
that can survive the process without degradation. With
selection of appropriate polymers, psilocybin, psilocin,
and mescaline can withstand the high sintering temper-
atures.
[0041] There are pharmaceutical compositions known
in the art containing at least one of the psychedelic mol-
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ecules psilocybin, psilocin and/or mescaline, and strate-
gies to avoid first pass metabolism of the psychedelic.
However, there is no disclosure that proposes a formu-
lation suitable for oromocusal administration, nor use of
SLS 3D printing to manufacture the oromucosal formu-
lation.
[0042] Disclosed herein is the 3D printing SLS produc-
tion of a pharmaceutical formulation for oromucosal de-
livery containing one of the following psychedelic mole-
cules, psilocybin, psilocin, or mescaline as an active in-
gredient.
[0043] Herein, a solid oromucosal pharmaceutical for-
mulation is disclosed containing any of the following
psychedelic molecules, psilocybin, psilocin, or mescaline
and / or their analogues, as an active ingredient, and the
formulations use in the treatment of neurological and/or
psychiatric disorders, as well as an anti-inflammatory
agent for various inflammatory disorders. The formula-
tions can be manufactured to have a higher porosity. The
formulations can also be manufactured to have high-wa-
ter capture. The high-water capture is achieved by in-
cluding using hydrophilic polymers and/or excipients in
the formulation. These hydrophilic polymers or excipients
quickly capture water from the saliva to promote rapid
dissolution of the formulation for oromucosal delivery.
[0044] In exemplary embodiments, the material is sin-
tered at a temperature of between 90 and 130 degrees
Celsius, and the material contains 3-5% of the psyche-
delic active ingredient, 90-95% of thermoplastic polymer,
and 0-5%, for example 3-5% of additional excipients. A
solid pharmaceutical formulation is obtained with appro-
priate mechanical properties for packaging and admin-
istration. For example, the formulation can have a hard-
ness of 2-6 kg and a friability of less than 1.5. The solid
oromucosal delivery formulation undergoes complete
dissolution in less than 10 minutes.
[0045] Suitable thermoplastic polymers for use in the
formulations include, but are not limited to, polyvinylpyr-
rolidone (PVP), hydroxy propyl methylcellulose (HPMC),
polycaprolactone (PCL), poly-L-lactic acid (PLLA), poly-
ethylene (PE), high density polyethylene (HDPE), poly-
ethylene oxide (PEO), and ethyl cellulose (EC), among
others. In exemplary embodiments, the thermoplastic
polymer is hydrophilic. Other hydrophilic excipients, such
as binders and dispersants, are known in the art and can
be suitably selected by the skilled artisan to provide the
desired solubility and water capture properties.
[0046] The invention is exemplified in more detail in
the two non-limiting examples below.

EXAMPLE 1

[0047] A psychedelic molecule (psilocybin, psilocin or
mescaline and/or their analogues), a thermoplastic pol-
ymer and, optionally, other the excipients are passed
through a 100-mesh sieve and ground if necessary. Then
all the ingredients are mixed for 15 minutes. They are
then inserted into the dust bed of the 3D printer, with a

distance of 1.0 mm between the laser and powder bed.
Then, the printing platform is moved along the Z axis.
Excess dust is removed using a device situated along
the X axis. Laser printing is done using a printer equipped
with a 450 nm laser generator.
[0048] The prints are designed using specific software
and the laser power is set to 0.05 - 3.5 W with a print
depth (i.e., sintering depth) of between 3% - 80%.
[0049] The thickness is measured in the center or at
the edge using a micrometer and then mechanical tests
for hardness and friability are performed.

EXAMPLE 2

[0050] The psychedelic molecules (psilocybin, psiloc-
in, or mescaline and/or their analogues) are mixed to-
gether with the inactive materials (polymers and excipi-
ents) in a double cone mixer for 20 minutes.
[0051] The forms are designed with Autodesk Inventor
2020 and saved in the STL file format. Printing is done
using a 2.3 W blue laser printer (445 nm wavelength).
[0052] The temperature of the internal printing camera
and the temperature of the dust surface is experimentally
adjusted, and the laser scanning speed is set at 100
mm/s. The thickness of the layer of dust is set to 100 mm.
[0053] Compact prints are obtained at an internal
chamber temperature of 140°C and a dust surface tem-
perature of 155°C.
[0054] The thickness is measured in the center or at
the edge using a micrometer and then mechanical tests
for hardness and friability are performed.
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Claims

1. A solid pharmaceutical formulation for oromucosal
delivery comprising i) a psychedelic compound se-
lected from the group consisting of psilocybin, psi-
locin, mescaline, or an analog thereof; and ii) a ther-
moplastic polymer.

2. The solid pharmaceutical formulation of claim 1,
wherein the formulation is an orodispersible.

3. The solid pharmaceutical formulation of claim 1,
wherein the formulation is porous.

4. The solid pharmaceutical formulation of claim 1,
wherein the formulation comprises 90-95% thermo-
plastic polymer.

5. The solid pharmaceutical formulation of claim 1,
wherein the formulation further comprises 3-5% ex-
cipients.

6. The solid pharmaceutical formulation of claim 1,
wherein the formulation comprises 3-5% of the
psychedelic molecule.

7. The solid pharmaceutical formulation of claim 1,
wherein the formulation has a hardness of 2-6 Kg
and a friability of less than 1.5

8. The solid pharmaceutical formulation according to
claim 1, wherein the formulation undergoes com-
plete dissolution in less than 10 minutes.

9. The solid pharmaceutical formulation according to
claim 1, wherein the thermoplastic polymer is select-
ed from the group consisting of polyvinylpyrrolidone
(PVP), hydroxy propyl methylcellulose (HPMC),
polycaprolactone (PCL), poly-L-lactic acid (PLLA),
polyethylene (PE), high density polyethylene
(HDPE), polyethylene oxide (PEO), and ethyl cellu-
lose (EC).

10. A method of treating a neurological and/or psychiat-
ric disorder and/or inflammatory disorder comprising
administering to a patient in need thereof the solid
pharmaceutical formulation of claim 1 to provide oro-

mucosal delivery.

11. A method of making the solid pharmaceutical formu-
lation of claim 1, the method comprising:

i) mixing the psychedelic molecule, thermoplas-
tic polymer, and excipients together to form a
mixture;
ii) inserting the mixture into the dust bed of a 3D
printer; and
iii) 3D printing using Selective Laser Sintering
to form the solid pharmaceutical formulation.
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